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30Background:Many patients with Posttraumatic Stress Disorder (PTSD) feel overwhelmed in situations with high
31levels of sensory input, as in crowded situationswith complex sensory characteristics. These difﬁculties might be
32related to subtle sensory processing deﬁcits similar to those that have been found for sounds in electrophysiolog-
33ical studies.
34Method:Visual processingwas investigatedwith functionalmagnetic resonance imaging in trauma-exposed par-
35ticipants with (N = 18) and without PTSD (N = 21) employing a picture-viewing task.
36Results: Activity observed in response to visual scenes was lower in PTSD participants 1) in the ventral stream of
37the visual system, including striate and extrastriate, inferior temporal, and entorhinal cortices, and 2) in dorsal
38and ventral attention systems (P b 0.05, FWE-corrected). These effects could not be explained by the emotional
39salience of the pictures.
40Conclusions: Visual processing was substantially altered in PTSD in the ventral visual stream, a component of the
41visual system thought to be responsible for object property processing. Together with previous reports of subtle
42auditory deﬁcits in PTSD, these ﬁndings provide strong support for potentially important sensory processing def-
43icits, whose origins may be related to dysfunctional attention processes.
44© 2013 The Authors. Published by Elsevier Inc. All rights reserved.
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49 1. Introduction
50 Posttraumatic Stress Disorder (PTSD) is a serious condition that can
51 develop in the aftermath of a traumatic event. The disorder has a sub-
52 stantial impact on quality of life and functioning (Zatzick et al., 1997).
53 Despite therapeutic advances over the past two decades, PTSD remains
54 a rather treatment refractory condition (Bradley et al., 2005). Current
55 classiﬁcation schemas, including DSM-5 (American Psychiatric Associa-
56 tion, 2013) and ICD-10 (World Health Organization, 2010), deﬁne PTSD
57 based on symptoms of persistent re-experiencing of traumatic memo-
58 ries, avoidance of stimuli reminiscent of the traumatic event, negative
59 cognition and mood, and increased arousal. In addition to these core
60features, PTSD patients often present with a range of other symptoms
61such as dissociation, included now in DSM-5 as a PTSD subtype, and
62medically unexplained symptoms including pain, gastrointestinal com-
63plaints, chronic fatigue, and visual problems (Engel et al., 2000; Foa
64et al., 2006; McFarlane, 2010; Pacella et al., 2013; Trachtman, 2010;
65Wolf et al., 2012).
66Many PTSD patients feel overwhelmed or insecure in situationswith
67high levels of complex sensory input, including large crowds, heavy
68trafﬁc, large cities, public transportation, or crowded shopping malls.
69Electrophysiological methods have identiﬁed sensory processing dis-
70turbances at early, relatively automatic processing stages (Ge et al.,
712011; Holstein et al., 2010; Hunter et al., 2011) that are thought to un-
72derlie hyperarousal symptoms in PTSD (Clark et al., 2009; Newport and
73Nemeroff, 2000). Further evidence for visual system dysfunction in
74PTSD patients is reports of feeling ﬂooded and overwhelmed by multi-
75ple, simultaneous sensory stimuli, and experiencing lights or noises as
76unusually intense (Stewart and White, 2008). These puzzling symp-
77toms are not fully subsumed under the hyperarousal cluster in DSM-
78IV (American Psychiatric Association, 1994), and PTSD patients fre-
79quently struggle to articulate and understand these phenomena.
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80 Both electrophysiological and magnetoencephalographic studies
81 have provided preliminary evidence for atypical visual processing
82 following traumatic experiences, evidenced by reduced occipital re-
83 sponses to neutral or angry faces (Felmingham et al., 2003), and posi-
84 tive or negative scenes (Adenauer et al., 2010, 2011; Catani et al.,
85 2009) in PTSD compared to trauma-exposed and non-trauma-
86 exposed healthy individuals. Structural imaging studies have demon-
87 strated reduced regional graymatter volume in visual cortex in both in-
88 dividuals with PTSD (Chao et al., 2012; Zhang et al., 2011) and adult
89 survivors of child sexual abuse (Tomoda et al., 2009, 2012), suggesting
90 the possibility of lasting macrostructural alterations in regions special-
91 ized for visual processing. However, functional imaging studies in
92 PTSD employing visual stimuli have primarily focused on the contrast
93 betweenprocessing of pictureswith either emotional or neutral valence
94 (Bremner et al., 1999; Brunetti et al., 2010; Chao et al., 2012; Fani et al.,
95 2012; Hendler et al., 2003; Hou et al., 2007; Phan et al., 2006; Shin et al.,
96 1997, 2005;Williams et al., 2006). Concerning visual cortex, these stud-
97 ies have yielded inconsistent results, showing lower (Fani et al., 2012),
98 higher (Bremner et al., 1999; Williams et al., 2006) or comparable
99 (Brunetti et al., 2010; Chao et al., 2012; Hendler et al., 2003; Hou
100 et al., 2007; Phan et al., 2006; Shin et al., 1997, 2005) activity in PTSD
101 in response to threat-related and trauma-related visual stimuli. Because
102 these studies (with one exception discussed below) did not test general
103 visual processing by contrasting picture with non-picture conditions,
104 they may have failed to detect atypical, more general visual processing
105 abnormalities in PTSD. In this fMRI study we asked PTSD patients and
106 trauma-exposed healthy controls to view pictures with varying emo-
107 tional contents and found substantial reductions in task related activity
108 in the ventral visual processing stream, perhaps related to atypical
109 modulation by both dorsal and ventral attention systems. Surprisingly,
110 these reductions were unrelated to the pictures' emotional content.
111 2. Method
112 2.1. Participants
113 Participants were right-handed (Oldﬁeld, 1971), trauma-exposed
114 (meeting DSM-IV criteria A1) individuals with (N = 18) and without
115 (N = 21) a current DSM-IV PTSD diagnosis as assessed using the
116 Clinician-Administered PTSD Scale (CAPS) (Blake et al., 1995). A CAPS
117 score of greater than 50 was required for PTSD participants and less
118 than 34 for trauma-exposed controls. Trauma history was assessed
119 using the CAPS, the trauma checklist from the Posttraumatic Diagnostic
120 Scale (PDS) (Foa et al., 1997), and the Childhood Trauma Questionnaire
121 (CTQ) (Bernstein et al., 2003). No PTSD participant had a current
122 comorbid dissociative disorder assessed using the Structured Clinical
123 Interview for DSM-IV Dissociative Disorders-Revised (SCID-D-R)
124 (Steinberg, 1994). Current Axis I disorders, assessed using the Structured
125 Clinical Interview for DSM-IV Axis I Disorders (SCID-I), are presented in
126 Table 1. All participants were free of neurological or othermajormedical
127 conditions. Two PTSDparticipants and two trauma-exposed controls had
128 a history of mild traumatic brain injury according to standard criteria
129 (Kay et al., 1993). No participant had substance dependence except for
130 two PTSD participants who had suffered from alcohol dependence two
131 and 15 years ago. Seven PTSDparticipants and one trauma-exposed con-
132 trol were currently medicated with antidepressants, including selective
133 serotonin or noradrenaline reuptake inhibitors. Six PTSD participants
134 were taking medication as follows: a non-opioid analgesic (N = 1), an
135 antiretroviral (N = 1), thyroid substitutes (N = 2), a calcium channel
136 blocker (N = 1), and an anti-asthmatic (N = 1). One trauma-exposed
137 control took an angiotensin II receptor antagonist.
138 Participants with PTSD were recruited from the psychiatric outpa-
139 tient department of the University Hospital of Zurich and the Psychiatric
140 Services of the County of St. Gallen-North, Switzerland, from individual
141 local psychotherapists, and by advertisement. Trauma-exposed controls
142 were recruited by advertisement.
143Prior to scanning, participants completed the CTQ (Bernstein
144et al., 2003), Multidimensional Inventory of Dissociation (MID) (Dell,
1452006), the trait portion of the State–Trait Anxiety Inventory (STAI)
146(Spielberger et al., 1970) and the Beck Depression Inventory (BDI)
147(Beck et al., 1961). Standard cognitive tests were administered using
148Hogrefe Test System 4 software (Hogrefe, 2006) and included the Vien-
149neseMatrices Test (Formann and Piswanger, 1979), an adapted version
150of the Raven Progressive Matrices (Raven, 1947), the Test of Word
151Power (Schmidt and Metzler, 1992), and the d2 Test of Attention
152(Brickenkamp and Zillmer, 1998). Immediately prior to scanning, par-
153ticipants completed the state portion of the STAI (Spielberger et al.,
1541970). All measures were German-adapted and validated versions.
155Socio-demographic and clinical data are presented in Table 1. The
156study protocol was approved by the Institutional Review Board of the
157County of Zurich, Switzerland. This study was carried out in accordance
158with the Declaration of Helsinki, and all participants provided written
159informed consent after full explanation of the procedures.
1602.2. Task procedures
161The participants engaged in a picture viewing task in which they
162were instructed to press a button when picture containing a human
163being or human body part was shown. This response requirement was
164included only to direct the participant's attention to the presented pic-
165tures and to prevent behavioral avoidance such as eye closing. The
166task was not designed to investigate cognitive performance; conse-
167quently, response speed was not emphasized in the participants' in-
168structions. Using images containing humans or human body parts as
169targets was motivated by practical reasons, because these targets
170could be unambiguously and easily categorized.
171A total of 48 IAPS pictures spanning a range of emotional content
172(valence: mean = 4.8, SD = 2.1, range = 1.7–8.3; arousal: mean =
1734.8, SD = 1.8, range = 1.7–7.3) were presented. Each of three identical
174sessions consisted of two sequences comprising non-repeating IAPS pic-
175tures with comparable normative ratings for valence and arousal. Each
176sequence consisted of three 30 s blocks containing neutral, positive, or
177negative pictures, with each block separated by a 30 s ﬁxation point.
178In each block, 8 different pictures were presented for 400 ms with
179each picture presented twice in rapid succession (inter-stimulus inter-
180val = 400 ms) to make the stimulus more “salient”, followed by a var-
181iable inter-trial-interval of 2300–2800 ms. Thus, even though we
182utilized homogeneous stimulus blocks, the subsequent statistical
183modeling was consistent with rapid event related designs.
184At the end of each sequence, cognitive and emotional self-reports
185referencing the previous task were collected using a 5-point Likert
186scale (“not at all” to “very much so”) with one item each for
187hypervigilance (“I felt vigilant”), numbing (“I felt emotional numb”),
188re-experiencing (“I experienced a ﬂashback”), depersonalization (“My
189body felt vague, indeﬁnite, strange”), derealization (“I felt far away
190from what was happening around me”) and somatoform dissociation
191(“I was unusually weak or paralyzed in one or more of my muscles”).
192The hypervigilance and numbing items were constructed according to
193DSM-IV PTSD criteria; the remaining four items were selected and
194adapted from the State Scale of Dissociation (Krüger et al., 2002), a
19556-item scale that measures distinct dimensions of state of dissociation,
196according to the results of a validation study of the German adaptation
197of the scale (Mueller-Pfeiffer and Wittmann, 2013). In contrast to the
198SSD, which uses a 10-point scale, we used a 5-point scale in order to
199allow collection of responses in the scanner using a 5-digit response
200unit (Fiber Optic Button Response System, Psychology Software Tools,
201Inc., Pittsburgh, PA).
202After the picture viewing fMRI session, the IAPS pictures were again
203presented to the participants outside the scanner and they were asked
204to rate the emotional valence and arousal of each picture using the
205Self-Assessment Manikin, a 9-point, non-verbal pictorial assessment
206technique for measuring affective reactions to stimuli (Bradley and
2 C. Mueller-Pfeiffer et al. / NeuroImage: Clinical xxx (2013) xxx–xxx
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207Lang, 1994). The task was implemented using E-Prime Professional 2.0
208(Psychology Software Tools, 2010) and presented using video goggles.
2092.3. Acquisition of MRI data
210The participants were studied using a General Electric Signa HD.xt
2113.0 T MR scanner with 8-channel receive-only head coil, located at the
212Center for MR-Research at the University Children's Hospital Zurich in
213Switzerland. Task-related activity estimates were obtained using an
214echo-planar imaging (EPI) sequence with repetition time = 3000 ms,
215echo time = 23 ms, 64 × 64 matrix, ﬂip angle = 82°, and ﬁeld of
216view = 24 cm.Whole brain coverage was obtained with 36 axial slices
217(thickness = 3.5 mm; in-plane resolution = 3.75 × 3.75 mm). A
218high-resolution anatomical scan covering the whole brain (three-
219dimensional spoiled gradient-echo (SPGR) with repetition time =
22010.9 ms, echo time = 4.6 ms; ﬁeld of view = 24 cm; ﬂip angle =
22113°; 156 axial slices; thickness = 1.2 mm; 352 × 224 matrix) was col-
222lected for voxel-based morphometry analysis.
2232.4. Data analysis
2242.4.1. Analysis of behavioral data
225For the analysis of clinical measures we used Fisher's Exact Test to
226compare proportions of nominal variables, and t-tests to compare con-
227tinuous variables between groups. Performance indicators included re-
228sponse time and accuracy calculated from the proportion of errors.
229Missing responses were counted as errors. Response time and accuracy
230were examined separately with repeated measures generalized linear
231regression, using Gaussian and binomial models respectively, with
232group (PTSD, trauma-exposed controls), and IAPS valence and arousal
233scores as predictors. The critical threshold was P = 0.05 (two-sided).
234Statistical analyses of behavioral data were performed using R V.2.14.1
235(R Development Core Team, 2011).
2362.4.2. Analysis of fMRI data
237EPI preprocessing included: (1) realignment for headmotion correc-
238tion, (2) spatial normalization into the Montreal Neurological Institute
239(MNI) anatomical space, and (3) spatial smoothing of 8 mm full width
240at half maximum. Outliers in EPI time series were identiﬁed using the
241Artifact Detection Tools (www.nitrc.org/projects/artifact_detect/). For
242statistical analysis, we used a summary statistic approach comprising
243event-related models for each participant, followed by group mixed ef-
244fects models using SPM8 (Wellcome Trust Centre for Neuroimaging,
2452009).
246At the ﬁrst level, for each participant and session, IAPS picture onset
247times were used to construct an effect of interest regressor with the in-
248tervening ﬁxation periods serving as an implicit baseline. Stimulus
249onset times of IAPS pictures, independent of their emotional content,
250were used to specify this regressor. In order to model the inﬂuence of
251picture emotional content, trial-speciﬁc IAPS picture valence and arous-
252al scores were included as orthogonalized parametric modulators of
253task-related neural activity. We also explored an alternative approach
254to the modeling of emotional effects using separate regressors for neu-
255tral, negative and positive picture conditions, allowing estimation of be-
256tween group effects speciﬁcally in the neutral picture condition. These
257results are reported in Supplemental Fig. 4.
258The regressors for IAPS picture onset times and their parametric
259modulators, together with other regressors modeling head movement,
260themean signal for the session, outliers, and a discrete cosine transform
261basis set modeling the low-frequency, presumably artifactual, signal
262modulations (cut-off 1/128 Hz), jointly comprised the full model for
263each participant. Parameter estimates for each regressor were calculat-
264ed from the ﬁt of the model to the data using restricted maximum like-
265lihood algorithms.
266At the second level, mixed-effects analyses included the three con-
267trast images resulting from the ﬁrst level model estimates, representing
Table 1t1:1
t1:2 Demographic and clinical characteristics of PTSD participants and trauma-exposed
t1:3 controls.
t1:4 Group
t1:5 PTSD
(N = 18)
Trauma-
exposed
controls
(N = 21)
Analysis
t1:6 Measure N % N % P
t1:7 Female 17 94.4 18 85.7 0.609
t1:8 Current Axis I comorbidity
t1:9 Depressive disorder 6 33.3 0 0
t1:10 Dysthymia 2 11.1 0 0
t1:11 Panic disorder 2 11.1 0 0
t1:12 Agoraphobia 1 5.7 0 0
t1:13 Social phobia 3 16.7 0 0
t1:14 Speciﬁc phobia 2 11.1 0 0
t1:15 Obsessive–compulsive disorder 3 16.7 0 0
t1:16 Generalized anxiety disorder 1 5.7 0 0
t1:17 Body dysmorphic disorder 1 5.7 0 0
t1:18 Bulimia nervosa 1 5.7 1 4.8
t1:19 Type index trauma 0.710
t1:20 Accident 5 23.8 3 14.3
t1:21 Medical event 1 4.8 1 4.8
t1:22 Rescue worker 1 4.8 1 4.8
t1:23 Natural disaster 0 0.0 2 9.5
t1:24 Single physical assault 4 19.0 2 9.5
t1:25 Single sexual assault 2 9.5 2 9.5
t1:26 Childhood physical/sexual abuse 3 14.3 4 19.0
t1:27 Combat trauma 1 4.8 4 19.0
t1:28 Intimate partner violence 1 4.8 2 9.5
t1:29 Medication
t1:30 Antidepressant 7 38.9 1 4.8 0.015
t1:31 For physical medical conditions 6 33.3 1 4.8 0.003
t1:32
t1:33 Group
t1:34 PTSD
(N = 18)
Trauma-
exposed
controls
(N = 21)
Analysis
t1:35 Measure Mean SD Mean SD P
t1:36 Age (years) 37.3 12.3 36.7 11.1 0.869
t1:37 Education (years) 14.1 3.7 15.2 3.3 0.342
t1:38 EHI: Right handedness 13.9 5.0 13.7 1.0 0.844
t1:39 EHI: Left handedness 2.2 3.3 1.7 2.9 0.620
t1:40 Cognitive performance
t1:41 d2: Total number of items processed
(processing speed)
460.6 75.0 510.2 93.6 0.074
t1:42 d2: Total number of errors (accuracy) 7.7 5.6 11.0 11.1 0.251
t1:43 WMT: Total number of correct responses
(non-verbal intelligence)
12.8 4.2 13.3 5.2 0.762
t1:44 WST: Number of recognized words
(verbal intelligence)
31.4 5.3 33.2 2.8 0.227
t1:45 CAPS: Total 72.8 12.9 5.5 6.6 b0.001
t1:46 CAPS: Re-experiencing 22.8 5.9 2.4 3.4 b0.001
t1:47 CAPS: Avoidance 27.0 9.3 1.1 2.2 b0.001
t1:48 CAPS: Hyperarousal 23.0 4.3 2.1 3.5 b0.001
t1:49 PDS: Number of self-reported single trauma 1.8 1.2 1.6 0.9 0.447
t1:50 PDS: Number of self-reported prolonged and
repeated trauma
0.8 1.3 0.5 0.8 0.386
t1:51 Duration since index trauma 5.3 5.8 8.3 9.8 0.268
t1:52 CTQ: Emotional abuse 15.1 7.2 10.1 5.4 0.024
t1:53 CTQ: Physical abuse 9.0 4.6 7.5 3.9 0.278
t1:54 CTQ: Sexual abuse 8.5 5.6 6.9 3.3 0.298
t1:55 CTQ: Emotional neglect 15.9 7.2 11.2 5.8 0.033
t1:56 CTQ: Physical neglect 10.7 5.5 7.2 2.6 0.024
t1:57 MID: Total 18.5 12.9 1.8 2.3 b0.001
t1:58 STAI: State anxiety 51.6 10.3 29.0 5.6 b0.001
t1:59 STAI: Trait anxiety 55.9 10.0 32.7 10.0 b0.001
t1:60 BDI: Total 27.7 12.2 6.3 4.5 b0.001
t1:61 EHI: Edinburgh Handedness Inventory; d2: d2 Test of Attention; WMT: Viennese
t1:62 Matrices Test; WST: Test of Word Power; CAPS: Clinician-Administered PTSD
t1:63 Scale; PDS: Posttraumatic Diagnostic Scale; CTQ: Childhood Trauma Questionnaire;
t1:64 MID: Multidimensional Inventory of Dissociation; STAI: State–Trait Anxiety Inven-
t1:65 tory; BDI: Beck Depression Inventory.
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268 activity associated with: (1) the picture viewing condition, and (2) IAPS
269 valence and arousal parametric modulators. Processing of IAPS pictures,
270 and the parametric modulation by picture valence and arousal scores
271 were examined with separate between-group two-sample t-tests (one-
272 sided). Effect of task speed was examined by inclusion of mean reaction
273 time as a covariate in a separate second level model. Habituation in
274 picture-related activity andmodulation of picture-related activity by pic-
275 ture valence and arousal scores were examined using separate omnibus
276 F- and planned t-contrasts in conjunction with a two (group: PTSD par-
277 ticipants, trauma-exposed controls) by three (session: 1, 2, 3) ANOVA.
278 Cohen's effect sizes (d) were calculated from the results of the planned
279 t-contrasts. The relationship of task-related activity to sociodemographic
280 status and psychopathology in PTSD subjects was determined by
281 including sociodemographic and clinical measures as covariates in
282 separate second level models. For convenience of interpretation,
283 Pearson's r-values were derived from corresponding t-contrasts for
284 these covariates. The critical threshold for within- and between-group
285 voxel-wise estimates of task-related activity peaks was P = 0.05,
286 whole-brain, family-wise error (FWE)-corrected, providing strong pro-
287 tection from Type I error.
288 3. Results
289 3.1. Behavioral results
290 PTSD participants responded on average 203 ms (95% CI [29, 377])
291 more slowly to pictures than trauma-exposed controls (P = 0.022).
292 There were no signiﬁcant group differences regarding accuracy (P =
293 0.064). PTSD participants rated pictures on average 6.7% (95% CI [2.2,
294 11.3]) less pleasant (P = 0.007) and 11.4% (95% CI [2.4, 20.3]) more
295 arousing (P = 0.012) than trauma-exposed controls. Higher arousal rat-
296 ings of IAPS pictureswere associatedwith lower accuracy in both groups
297 (P b 0.001). There were no signiﬁcant between-group differences in pic-
298 ture valence and arousal on speed or accuracy. While in the MRI system
299 PTSDparticipants reported signiﬁcantly higher hypervigilance, numbing,
300 re-experiencing, depersonalization, derealization, and somatoform dis-
301 sociation than trauma-exposed controls (Ps b 0.001). Behavioral results
302 are presented in Supplemental Table 1 and Supplemental Fig. 1.
303 3.2. FMRI results
304 3.2.1. Viewing IAPS pictures
305 Brain regions that showed signiﬁcantly lower (P b 0.05, FWE-
306 corrected) activity in response to IAPS pictures in PTSD participants
307 compared to trauma-exposed controls are listed in Table 2. The listed
308 brain regions generally belong to one of three brain systems (Fig. 1):
309 (1) visual regions, speciﬁcally ventral stream regions including striate,
310 extrastriate, inferior temporal, and entorhinal cortices, (2) dorsal atten-
311 tion regions including supplementary motor area, precentral gyrus, and
312 superior parietal lobule and (3) ventral attention regions includingmid-
313 dle and inferior frontal gyri, and inferior parietal lobule. Activity related
314 to picture processing for each group is presented in Table 3 and Supple-
315 mental Fig. 2. Therewere no regionswith signiﬁcantly greater activity in
316 response to pictures in the PTSD group. Participants' valence and arousal
317 ratings had no effect on picture-related activity, either in participants
318 with PTSD or in trauma-exposed controls. Lower task speed did not
319 account for the decreased visual activity in PTSD participants. Using
320 a cluster level FWE-corrected critical threshold, participants in both
321 groups showed higher activity in response to pictures in the ﬁrst
322 compared to the second session in right inferior parietal lobule (co-
323 ordinates: 46, −44, 36; t = 5.03), right middle frontal gyrus (coor-
324 dinates: 38, 26, 44; t = 4.88), right superior temporal gyrus
325 (coordinates: 56, −34, −14; t = 4.36), left precentral gyrus (coordi-
326 nates:−46, 10, 44; t = 4.31), and left inferior temporal gyrus (coordi-
327 nates: −50, −54, −22; t = 4.29). There was no session by group
328 interaction, providing no evidence against similar habituation effects
329in both groups. There was no habituation in participants' valence and
330arousal rating effects on picture-related activity, either in participants
331with PTSD or in trauma-exposed controls.
3323.2.2. Additional analyses
333Using whole-brain FWE-correction, we did not ﬁnd any association
334between visual cortical activity and either sociodemographic or psycho-
335metric measures in PTSD participants. In exploratory analyses using an
336uncorrected critical threshold (P b 0.001), we found an association be-
337tween higher CAPS total scores and lower activity in striate (right lin-
338gual gyrus; coordinates: 20, −88, −2; r = -0.77) and extrastriate
339cortices (left middle occipital gyrus; coordinates: −16, −92 −4;
340r = -0.70).
341In order to control for confounding effects ofmedication, we repeated
342the analysis of picture viewing in participants free of psychotropic
343medication (11 PTSD participants, 20 trauma-exposed controls). In this
344subsample we again found lower picture-related activity in PTSD partic-
345ipants in striate and extrastriate cortices (P b 0.05, FWE-corrected; Sup-
346plemental Fig. 3), suggesting that psychotropic medication did not
347account for the observed lower visual cortex activity in PTSDparticipants.
3484. Discussion
349In this study, we observed lower activity in regions of the ventral vi-
350sual stream responsible for object feature processing in PTSD partici-
351pants compared to non-PTSD trauma-exposed controls while viewing
352scenes drawn from the IAPS picture set. Lower visual responsiveness
353in PTSD participants was not accounted for by the emotional content
354of the pictures. Lower activity was also seen in both dorsal and ventral
355attention systems, suggesting that the atypical visual processing may
356be related to attentional dysfunction. These novel neuroimaging ﬁnd-
357ings extend previous observations of deﬁcits in auditory processing in
358PTSD (Clark et al., 2009) and suggest strategies for more effective
359treatments.
360Our results are consonant with prior event-related potential
361(Felmingham et al., 2003) and magnetoencephalographic studies
362(Adenauer et al., 2010, 2011; Catani et al., 2009) that found reduced oc-
363cipital responses in PTSD participants to neutral and emotional stimuli
364during picture viewing tasks. Sensory processing deﬁcits in PTSD have
Table 2 t2:1
t2:2Brain regions showing higher activity in response to viewing IAPS pictures in trauma-
t2:3exposed controls versus PTSD participants.
t2:4Regiona MNI coordinates Analysis
t2:5x y z t Cohen's d
t2:6Trauma-exposed controls N PTSD participants
t2:7L calcarine gyrus (striate visual cortex) −14 −66 6 6.95 1.32
t2:8R calcarine gyrus (striate visual cortex) 18 −64 14 8.02 1.53
t2:9R middle occipital gyrus
(extrastriate visual cortex)
26 −86 14 7.41 1.41
t2:10L middle occipital gyrus
(extrastriate visual cortex)
−22 −92 12 6.90 1.32
t2:11R lingual gyrus (extrastriate visual cortex) 8 −72 −10 7.32 1.39
t2:12L lingual gyrus (extrastriate visual cortex) −16 −50 −6 6.55 1.25
t2:13R inferior temporal cortex 28 −44 −18 5.91 1.13
t2:14L entorhinal cortex −22 10 −14 6.07 1.16
t2:15R entorhinal cortex 18 10 −14 7.07 1.35
t2:16R supplementary motor area (BA6) 10 4 64 5.69 1.08
t2:17R precentral gyrus (BA6) 56 4 44 7.67 1.46
t2:18L postcentral gyrus (BA4) −42 −16 40 5.34 1.02
t2:19R middle frontal gyrus 42 44 28 5.69 1.09
t2:20L inferior frontal gyrus
(pars triangularis; BA45)
−54 26 26 5.12 0.98
t2:21R superior parietal lobule (precuneus) 16 −48 52 5.18 0.99
t2:22R inferior parietal lobule
(supramarginal gyrus)
66 −38 26 5.94 1.13
t2:23R hippocampus 12 −38 8 6.12 1.17
a Peak voxels of regions with a whole-brain FWE-corrected P-value less than 0.05 and an
extent threshold of κ = 10 voxels are reported. IAPS: International Affective Picture System. t2:24
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365 been seen in electrophysiological and imaging studies showing en-
366 hanced auditory sensitivity (Bryant et al., 2005), and, at an early tempo-
367 ral stage in the processing stream, excessive auditory novelty detection
368 (Morgan Iii and Grillon, 1999), and difﬁculties in ﬁltering and discrimi-
369 nating auditory stimuli (McFarlane et al., 1993; Skinner et al., 1999). In
370addition, reduced graymatter volume in visual cortex in trauma victims
371has been found in structural imaging studies (Chao et al., 2012; Tomoda
372et al., 2009; Zhang et al., 2011). However, using voxel-basedmorphom-
373etry in our sample we did not ﬁnd any volumetric decreases in occipital
374cortex in PTSD participants (data not shown), suggesting that the visual
375processing differences we observed did not result from partial-volume
376effects. Taken together, there is considerable evidence for atypical sen-
377sory processing in PTSD.
378A previous fMRI study (Phan et al., 2006) failed to detect visual cor-
379tex activity differences in response to neutral IAPS compared to blank
380pictures in war veterans with PTSD, war veterans without PTSD and
381non-combat controls. These discrepant ﬁndings may be caused by
382methodological differences between the studies, for example, the use
383of longer stimulus presentation times of 5 s compared to the shorter
384400 ms presentations in our study.
385Visual analysis in humans and mammals is believed to consist of
386multiple stages that are organized in parallel and hierarchical process-
387ing streams. The early stages involve transforming the visual stimulus
388into neural activity patterns that are transmitted via the retina and
389the lateral geniculate nucleus to the striate visual cortex (V1), an area
390responsible for the analysis of simple visual features (e.g., lines, colors).
391In the later stages, visual information is distributed from V1 to neigh-
392boring occipital, parietal and temporal regions, specialized for process-
393ing additional features of increasing complexity. These projections can
394be divided in a dorsal stream related to object location and movement,
395and a ventral stream related to object recognition (Ungerleider and Bell,
3962011). In agreementwith reported structural PTSD abnormalities (Chao
397et al., 2012; Tomoda et al., 2009; Zhang et al., 2011), we found themost
398prominent reduction in neural activity in PTSD participants in the ven-
399tral stream of the visual system including striate and extrastriate visual
400cortices, ventral occipital cortex, inferior temporal cortex, and entorhi-
401nal cortex. This network has been found to mediate the identiﬁcation
402and recognition of complex visual features such as faces, scenes, and
403body parts (Spiridon et al., 2006), their spatial representation (Killian
404et al., 2012), and visual memory (Brewer et al., 1998).
405Atypical activity in the visual system in PTSDmight result from local
406dysfunction. Transmarginal inhibition, a “shutting-down” response of
407the nervous system to overwhelming stimuli (Pavlov, 1927), might
Fig. 1. Group differences in response to viewing IAPS pictures in trauma-exposed controls (N = 21) versus PTSD participants (N = 18). There was lower activity in response to pictures
compared to baseline in PTSD participants compared to trauma-exposed controls in the ventral visual stream (red); and the dorsal frontoparietal (blue) and ventral frontoparietal net-
works (green) of the attention system. The bars represent parameter estimates relative to the mean across conditions (baseline); the vertical bars show 90% conﬁdence intervals. Effects
exceeded a critical threshold of P = 0.05, FWE-corrected; clusters are presented here at P b 0.001, uncorrected. PTSD: Posttraumatic Stress Disorder; IAPS: International Affective Picture
System. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
Table 3t3:1
t3:2 Brain regions showing higher activity in response to viewing IAPS pictures in PTSD partic-
t3:3 ipants compared to trauma-exposed controls.
t3:4 Regiona MNI coordinates Analysis
t3:5 x y z t Cohen's d
t3:6 Pictures N baseline (mean across conditions) in PTSD participants
t3:7 L fusiform gyrusb −40 −42 −22 12.68 2.42
t3:8 R fusiform gyrusb 32 −52 −14 12.13 2.31
t3:9 R supplementary motor area 14 26 66 6.00 1.14
t3:10 L precentral gyrus (BA6) −42 −4 62 7.56 1.44
t3:11 R precentral gyrus 44 0 44 7.16 1.36
t3:12 L postcentral gyrus (BA6) −24 −34 78 5.64 1.08
t3:13 R middle frontal gyrus 46 14 54 7.16 1.37
t3:14 R inferior frontal gyrus (pars opercularis) 36 4 34 7.09 1.35
t3:15 L superior parietal lobule −26 −62 44 6.30 1.20
t3:16 L inferior parietal lobule −30 −54 46 6.96 1.33
t3:17 R inferior parietal lobule 46 −44 46 5.83 1.11
t3:18 R inferior parietal lobule (angular gyrus) 32 −58 50 6.85 1.31
t3:19 L middle temporal gyrus −56 −54 8 5.89 1.12
t3:20
t3:21 Pictures N baseline (mean across conditions) in trauma-exposed controls
t3:22 R middle occipital gyrusb 26 −90 18 20.97 4.00
t3:23 L middle occipital gyrusb −20 −94 12 19.49 3.27
t3:24 L supramarginal gyrusc −60 −46 28 5.15 0.98
t3:25 R supramarginal gyrusc 64 −42 26 10.66 2.03
t3:26 R middle frontal gyrusd 44 44 28 12.70 2.42
t3:27 L middle frontal gyrus d −34 40 38 7.15 1.36
t3:28 R hippocampus 22 2 −32 5.06 0.96
a Peak voxels of regions with a whole-brain FWE-corrected P-value less than 0.05 and
an extent threshold of κ = 10 voxels are reported.t3:29
b Cluster extends to striate and extrastriate visual cortices.t3:30
c Cluster extends to large portions of parietal lobe.t3:31
d Cluster extends to large portions of frontal lobe. IAPS: International Affective Picture
System.t3:32
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408 explain lowered processing by a hypersensitized visual system in PTSD.
409 Alternatively, or in addition, theremight be atypical inﬂuences on visual
410 processing from attention mechanisms that are required to select the
411 most relevant objects fromamong themany features competing for lim-
412 ited visual processing resources (Desimone andDuncan, 1995). Atypical
413 attention allocation to visual stimuli in PTSD is suggested by our obser-
414 vation of lower activity in PTSD participants in the dorsal and ventral
415 frontoparietal networks, which are believed to play an important role
416 in voluntarily focusing attention to current behavioral goals and invol-
417 untarily orienting to novel stimuli (Corbetta et al., 2008). Because we
418 did not manipulate attention in this study, this possible mechanism
419 will require further investigation, and is in apparent conﬂict with our
420 ﬁndings from the d2 Test of Attention (Table 1), where PTSD partici-
421 pants performed similarly to trauma-exposed controls. However, it
422 might be that atypical attention allocation manifests in the presence of
423 complex visual scenes, such as IAPS pictures, but not in less complex vi-
424 sual stimuli such as letters and dashes, used in the d2 Test of Attention.
425 Moreover, it cannot be excluded that the MRI environment, including
426 loud noise and uncomfortable head ﬁxation might have an adverse im-
427 pact on attention regulation in participants with partially compensated
428 attention skills.
429 The lack of emotional modulatory effects on cortical visual activity
430 we observed in PTSD participants is in agreement with some (Phan
431 et al., 2006; Shin et al., 2005) but not all (Brunetti et al., 2010; Chao
432 et al., 2012; Williams et al., 2006) previous PTSD studies employing
433 trauma-unrelated negative scenes or facial affect pictures in visual
434 tasks. In contrast to our study, most (Brunetti et al., 2010; Phan et al.,
435 2006; Shin et al., 2005; Williams et al., 2006) but not all (Chao et al.,
436 2012) studies found altered activity in medial or lateral prefrontal cor-
437 tex, medial or lateral prefrontal cortex, anterior cingulate cortex or
438 amygdala in response to negative versus neutral stimuli in PTSD. The
439 lack of an emotional modulatory effect in PTSD participants in the
440 present study might be explained by generally less efﬁcient visual pro-
441 cessing, which could be associated with a need for stronger emotional
442 stimuli, such as trauma-related cues, to elicit typical cortical activity
443 levels (Rauch et al., 1996). As an alternative, it is possible that brief, al-
444 most subliminal, stimulus presentation couldmake engagement of cog-
445 nitive avoidance strategies less likely (Hendler et al., 2003). Similarly,
446 we observed no emotional modulatory effect in visual cortex activity
447 in trauma-exposed controls, a ﬁnding that agrees with most (Kosslyn
448 et al., 1996; Phan et al., 2006; Williams et al., 2006) but not all
449 (Brunetti et al., 2010; Chao et al., 2012; Shin et al., 2005) previous
450 work. Again, and in contrast to our results, most of these studies report-
451 ed an effect of emotion in areas other than visual cortex. Differences in
452 sample characteristics (all of the studies cited above involved combat
453 veterans, ﬁreﬁghters, and survivors of non-sexual assault or accidents)
454 or task characteristics, including stimulus presentation duration and
455 repetition rate (Rotshtein et al., 2001) might account for these discrep-
456 ant ﬁndings in both PTSD participant and trauma-exposed controls.
457 We observed greater picture related activity in the ﬁrst compared to
458 the second session in right inferior parietal lobule, right middle frontal
459 gyrus, and left precentral gyrus. Given that these regions are believed
460 to be involved in attention (Corbetta et al., 2008), invoking an explana-
461 tion referencing habituation effects during task repetition seems rea-
462 sonable, as the same set of pictures was used in all sessions. Since
463 precentral gyrus is also part of the motor system, activity decrease
464 across sessions might also result from behavioral habituation or motor
465 fatigue (Rankin et al., 2009). As expected, activity decrease across ses-
466 sions was observed in the ventral visual stream (Miller et al., 1991).
467 In agreement with our behavioral results, many previous studies
468 employing visual selective or sustained attention tasks, reported
469 impaired performance including higher reaction times in PTSD
470 (e.g., Jenkins et al., 2000) (for a review, see Aupperle et al., 2012). How-
471 ever, our intention was not to measure cognitive performance, as speed
472 was not emphasized and the task had low cognitive demands. Hence,
473 we cannot exclude possible effects from other psychological factors,
474including possible greater efforts made by PTSD participants to avoid
475false responses, accounting for slower response times.
476A limitation of this study is that the use of antidepressants by some
477participants might have inﬂuenced the results. However, repeating the
478between-group analyses after exclusion of participants (N = 8) taking
479psychotropic medication revealed similar ﬁndings. We did not include
480an additional trauma-unexposed comparison group, which does not
481allow us to make inferences regarding the speciﬁc visual processing
482consequences of traumatic experiences not leading to subsequent
483PTSD. We also cannot exclude the possibility that our results are
484inﬂuenced by context effects. For instance, PTSD participants might
485have been threatened by the fMRI testing environment, leading to
486heightened anxiety and associated difﬁculties maintaining attention to
487the pictures, and thereby inﬂuencing reaction times and activity in visu-
488al areas. As inclusion of reaction time in the model did not account for
489the between group differences, this explanation seems unlikely. Anoth-
490er potential explanation for the lower visual activity we observed in
491PTSD is the experience of dissociation during the experiment. However,
492we found neither a signiﬁcant correlation between dissociation levels
493and neural activity, nor higher activity in medial prefrontal areas in
494PTSD participants, as has been postulated in the corticolimbic inhibition
495model for dissociative PTSD (Lanius et al., 2010). It is unlikely for two
496reasons that lower activity in the visual system represents simple avoid-
497ance of attending to IAPS pictures. First, the stimuli were presentedwith
498closed video glasses, which do not allow overt orienting of attention
499outside the context of the experiment. Second, we did not ﬁnd higher
500activity in the frontal eye ﬁelds in PTSD participants, of the type that
501would be associated with more eye movements in participants not fo-
502cusing on the center of the pictures but generatingmore avoidance sac-
503cades. Other behavioral avoidance strategies such as eye closure would
504have seriously impaired behavioral performance. Since amajority of our
505participants were females, any generalization of our results to males
506with PTSD must be drawn with caution. Finally, our results do not re-
507solve the issue of whether the abnormalities we discovered reﬂect a
508risk factor for, or a consequence of, PTSD. In order to further investigate
509this question, prospective or twin pair studies will be required.
510Experimental strengths of this study include the persistence of the
511main results after controlling for potential emotion effects, and after
512conservative whole-brain correction for multiple comparisons, making
513Type I errors unlikely. A further strength is the comparable trauma his-
514tory between PTSD participants and the trauma-exposed comparison
515group.
516In summary, our results document atypical visual processing in PTSD
517of a very basic sort, involving picture processing. The ﬁndings extend
518prior evidence for atypical auditory processing in PTSD, suggesting
519that the pathophysiological locusmay be independent of speciﬁc senso-
520ry modality. The observed subtle deﬁcits in sensory processing might
521explain difﬁculties that PTSD patients have with complex sensory envi-
522ronments, even in the absence of emotional interference. Further re-
523search will explore whether local dysfunction in the visual system
524and/or the cortical network responsible for directing attention toward
525relevant visual cues, is primarily responsible for diminished visual pro-
526cessing in PTSD. Moreover, the development of speciﬁc tests for mea-
527suring sensory deﬁcits in PTSD may provide important new data
528allowing development of neurobiological models better explaining the
529multi-domain nature of non-speciﬁc PTSD symptoms that are currently
530major issues of controversy and interest (McFarlane, 2010).
531In a more speculative vein, this study suggests possible avenues for
532developing new therapeutic approaches for PTSD. For instance,
533mindfulness-based therapy, which incorporates self-regulation of at-
534tention (Bishop et al., 2004), is effective in the treatment of anxiety
535(Hofmann et al., 2010) and is generally considered a useful second-
536line approach in the treatment of complex PTSD (Cloitre et al., 2011).
537It is possible that part of the mechanism by which mindfulness therapy
538is helpful in PTSD is related to itsmodulation of selective attention relat-
539ed to orienting to salient visual stimuli. Given the potential adverse
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540 impact of attention disturbances on sensory processing, further re-
541 search should investigate whether intensive attention-based interven-
542 tions might enhance the outcome of current ﬁrst-line treatment for
543 PTSD such as cognitive and behavioral trauma-exposure therapies.
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